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with pilot balloons, because the latter refer to the best 
flyin weather and the former to conditions more or less 
h a  d vantageous. ' 

There is no doubt that as pilot-balloon observations are 
multiplied frequency and velocity wind-roses for various 
levels in the free air will be constructed for other stations, 
but the data available are at present scanty, and several 
years must elapse before sufficient observations exist for 
reliable direct results a t  a network of stations. 
.An alternative method, which though indirect is at  

present much more feasible, is based on the theoretical 
study of the relations of wind force to pressure gradient. 
A synchronous pressure chart at mean sea level corre- 
sponds to a certain actual distribution of surface winds; 
it also represents by the direction and closeness of the 
isobars the "geostrophic" wind, which is what the wind 
would be were there no surface friction. In  ractice it is 

ment of the isobars at sea level gives a good ap roxima- 

the actual wind revailing at a height of between 1,000 
and 2,000 feet. %ence b measuring the gradient on a 

charts showing the frequency of geostrophic winds of 
different directions and velocities, and we may assume 
that these represent conditions at, say, 1,500 feet above 
ground. 

Such a study o€ the geostrophic winds over London 
based on the 35 vears, 1881-1915, of over 1,000 observrt- 

found that the theoretical wind based on t R e measure- 

tion-when numerous observations are consi a ered-to 

series of daily weather c E arts we can obtain tables or 

pressure distribution. For the wind at a height of 1,000 
or 1,500 feet it  suffices to use a qood detailed chart of the 
ressure a t  mean sea level, in which the isobars should 

ge drawn for every millibar or millimeter on a projection 
which gives a reasonably uniform scale for different 
latitudes and longitudes. But for greater altitudes it is 
necessary to take into account the temperature of the 
air. For cold air is heavier than warm air, and hence 
in a column of cold air, pressure (i. e., weight of the over- 
lyin column of air) decreases more rapidly upwards than 

with height is more ra id in higher than in lower lati- 

tem erate and subtropical latitudes a well-marked pole- 

of westerly winds a t  these leve s. 
Now it is found that a c e  t in very cold regions there 

is on the average a fairly uni P onn decrease of temperature 
from the surface up'wards, amounting to.about 6a per 
kilometer. On this basis, iven a chart of the average 
distribution of pressure an d temperature over any pm- 
tion of the earth's surface, we may proceed to work 
upwards, calculating the pressure distribution a t  1, 2, 
3 kilometers, and so on, with reasonable accuracy up to 
5 kilometers (16,000 feet), which is as a rule as high a 
level as aviators are likely to require for some time to 
come. 

This process was first carried out by Teisserenc de Bort 
in connec.tion with a studv of the circulation of the atmos- 

n co 9 unin of warm air. For this reason pressure lapse 

tudes, so that at  a heig R t of several kilometers there is in 

war x pressure gradient, causin the great preponderance 7 

the J4eteomZoqical H&a.zhze, and a similar s'tudy of the 
geostrophic wmds over the North Atlantic is in pro ress, 

for that ocean. But much more than this needs to be 
done. The geostrophic winds need to be tabulated, not 
for isolated stations, but for a connected network of 
selected oints. With a sufficiently close network the 

configuration can be made out and interpolation for any 
desired point will present no difficulty. 

This pro am is perfectly feasible for the greater part 

also for Australia a n 8  the Argentine, but the work is 
laborious, as to provide a sufficient basis the daily 
weather charts for at least 10 years have to be examined 
and measured, and for its satisfactory accomplishment 
longer periods should be utilized so that international 
coo eration is advisable. 

#vo points must be remembered in connection with 
these pressure maps. The first i s  that as the air becomes 
less dense with increasing height, a definite barometric 
radient causes winds with a proportionally greater ve- 

kcity. The second is that the wind velocity corres ond- 

creases, until close to theEquator any measurable gradient 
at  all causea theoretically mfinite velocities, so that the 
calculation of gradient winds becomes im ossible and 

resent rely for our knowledge of the upper winds on 
Sirect observation and not on calculation. 

Similar in principle, but far less laborious in practice, 
is the process of obtaining the resdta.nt geostrophic wind. 
This is the result which would be obtained by averaging 
a large aumber of individual geostrophic winds at any 
place, the east winds being treated as' negative w-est 
winds and the north winds as negative south winds. 
Practical1 the same result is obtained by measuring the 
average tarometric gradient from a chart of mean 

and the data have appeared in part on the pilot c a arts 

relations E ps of the geostrophic winds to geography and 

of the nort a ern hemis here, including Egypt and India, 

ing to a definite gradient increases as the latitu 2 e cle- 

between the latitudes of 20' north and sout R we must at  

tions for each month. is Dublished month'bv month in n phere. He published ;harts showing the calculated 
isobars in January and July at a hei ht  of 4 kilometers," 
and showed that they agreed we1 with the average 
direction of motion of cirrus clouds. thouzh the latter 
are in general at  a much higher 'level." No similar 
charts for the whole world have yet been ublished, 

sure distribution over the Mediterranean during January, 
April, July, and Oct,ober at the 1, 2, 3, and 4 kilometer 
levels, a.nd recently H. U. Sverdrupla has published 
mean annual niaps of the eastern north Atlantic show- 
in the to ography of the isobaric surfaces of 1,000 
mE., 900 m K ., and so on up 300 mb. The latter form is 
unsuitable for the purposes of aviation but could be 
converted to the more usual form with little difficult . 

Thus we see that a good beginning has been ma C Y  e 
both along lines of research in the direct observation of 
kites and pilot balloons and in the study of geostrophic 
winds at  various levels. The general lines of the atmos- 
pheric. circulation are already charted and we have 
now to look forward to the gradual filling in of details, 
until we can construct charts with first hundreds and 
t,lien a thousand or more of arrows re resenting thn 
winds a t  various levels all over the w o r d  

but Col. H. G. Lyons has prepared charts o P the pres- 

DISCUSSION. 

By C. LE ROY MEISINGER. 

While the pa er above is very interesting in the 

be strongly cniphasized that averages of the meteoro- 
fl sug estions it ma R -es for researches which may be a plied 

to b P ie benefit of aviation in all parts of the world, its ould 
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lo ‘cal elements are extremely limited in their application. 
T g r e  is no denying the value of charts of the revailing 

as the preliminary l a e g  out of air routes; but where 
the line of demarcation comes between cliniatolo ical 
data and current conditions, there is indeed nee% to 
proceed with caution. The “ocean of air,” a.s the author 
of the a er and others have chosen to call it,, is a ques- 
tionab Ip% e gum of speech, because there is really very 
little in common in the characteristics of the aeria.1 and 
aqueous oceans. Po ular writers and lecturers convey 
the impression that t ere are great ermanent currents 
sweepin throu h the atmosphere wit the same incessant 

thus conveyed are erroneous, for we know t.hat, t.0 
altitudes mthin which flying will always be confined, 
there are no such streams or currents which are dependable 
a t  all times. 

For that reason, it is believed that too much enipliasis 
has been laid on the work of Rotch and Palmer, which the 
author mentions. True, this was the pioneer work, and 
aa such it should be, and is, respected. Rut to-day 
there is a great deal more information upon which ta 
base conclusions. Instead of Blue Hill and Lindenburg 
Observatories being the “most important” in collecting 
aerolo ical data it is now to be remembered that tlie 
Blue B ill Observatory has not been making u per-air 
soundings for several years; hereas, the &eather 
Bureau is maintaining at  the resent time six 1Cit.e 
stations which make frequent Rite and pilobballoon 
ascensions, and in addition, including aerologicd stat,ions 
of the Army and Navy which cooperate with the Weather 
Bureau, there are 21, and during the hurricane season 
24. pilobballoon stations. I t  is evident that, with such 
activity, an immense amount of data has been compiled 
and is constantly bein added to. 

It should be recalle d , also, in this connection, that t’he 
network of aerological stations in Europe a t  tlie present 
time is much closer than that in the United St.ates, 
owing to the smaller sizes of the countries, and the ronse- 
quentl shorter distances between stations. For example, 
in It J y alone there are 30 aerological stations whose 
wind data to the height of 5,000 meters have bcon puh- 
lished for a long time. 

The deduction of the resultant movement of the air 
from mean-pressure distribution upon the principle of 
the gradient wind would seem to be of reater value in 

during certain periods than in conveying to t.he aria.tor 

winds, md other auxiliary charts, in such un B ertakings 

f R 
flow as % d  t e G Stream or the Japan Current,; the ideas 

discussing the general circulation of 5 t e atmosphere 

nature which could be profitably used,. such as those 
showing fre uenc.ies of winds above certain limiting 

ture a t  the surface. These would not only aid the amator, 
but would perhaps assist the trained meteorologist even 
more in forming his judgment of probable conditions 
aloft, when he is unable to get current data. 

But above all, in any discussion of such information 
as Mr. Brooks has suggested in his pa er, the aviator, 

carefully indeed lest he misinterpret the significance of 
averages. He is very likely never to find the conditions 
aloft which his chart of prevailing winds shows; and if 
he does not realize this, he may not only be un leasantly 

bhe meteorologist who is trying to assist &m. 

s eeds, or c 1 aracteristic turning with altitude under 
c P iff eren t typical distributions of pressure and tempera- 

who is the ultimate consumer, must g e warned very 

sur rised in flight, but may be inclined to lose t K e respect 
an I f  confidence which he may previous1 have had for 

.- 

The paper was actually suggested during the compila- 
tion of a bibliography of up er-air data, when it was 

available material was being utilized would be of interest. 
As the bibliography already included well over 100 cdrds, 
it  was obviously impossible to deal with each separately, 
and the references were accordingly limited to data 
which had been summarized in a way presenting features 
of interest. At the time no summary of the data in 
the admirable I talian Bollettino AeroZo ‘co was known, 

linnd and references to them have been added. 
ree that the only good form of summary is 

veIocity fre uencies, but when this is done they are at  

surface, which are pub ished in marine “pilot charts” 
and are readily understood by seamen. Such tables for 
t.ho air over North America or Europe indicate that the 
aerial currents are variable (as are the marine currents 
in many parts of the ocean); in other places, as in the 
Trades or in southwest Asia, the air currents at certain 
levels have an extraordinary constancy, quite on a par 
with that of the great ocean currents.-C. E. P. B. 

t.hought that some account o P the lines along which the 

but recently several discussions by Gam T a have come to 

one I in quite whic P 1 the direction frequencies are subdivided into 

least as use ? ul as corres onding wind-roses over the sea f 


